Most current research on cancer stem cells (CSCs) associated with human tumors has focused on the molecular and cellular analysis of hematopoietic lineage markers (e.g., CD44, CD138, and CD 133), which can also serve as important 158
Introduction
Recent data have demonstrated that tumors contain a small subpopulation of cells, namely, cancer stem cells (CSCs), which exhibit a self-renewing capacity and are responsible for tumor maintenance and metastasis. [1] [2] [3] [4] [5] Although many exceptions have been reported, cell-surface molecules such as CD133 (prominin-1), CD44, and CD138 (syndecan-1) are generally considered markers for CSCs. 6 However, these molecules are expressed in the later stages of embryonic cells, such as blastocysts (a stage just prior to implantation), post-implanted early fetuses, and hematopoietic progenitor populations. For example, CD133/prominin-1 is expressed in trophoblasts, but not in cells of the inner cell mass (ICM) at the blastocyst stage. 7 The CD44 molecules are present in abundance in the liver of post-implantation fetuses at E (embryonic day) 10.5. Furthermore, as early as E 9.5, CD44-positive cells can be detected in circulating blood. 8 In the developing mouse, CD138/syndecan-1 is first detected throughout the embryo at the 4-cell stage. 9 Oct-3/4, a member of the family of POU-domain transcriptional factors, is expressed in pluripotent embryonic stem (ES) and germ cells, including primordial germ cells (PGC) and spermatogonia. 10 Its expression commences at the earlier stages (including oocytes, early-cleavage stage embryos, and ICM
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159 cells) of preimplantation development and is abundant in the embryonic ectoderm of post-implanted egg cylinder-stage embryos in mice. [10] [11] [12] Inactivation of the Oct-3/4 gene by means of gene-targeting technique causes early lethality due to the lack of ICM formation, indicating that Oct-3/4 plays a critical role in early embryonic development. 13 Tai et al. 14 further demonstrated that Oct-3/4 is abundantly expressed in somatic stem cells, such as neuronal progenitors and adipogenic progenitors. Oct-3/4 has also been shown to activate transcription via octamer motifs and regulates several of its down-stream genes. These include Fgf4, Utf1, Spp1/Opn, Fbxo15/Fbx15, Sox2, Pdgfa/PDGFa, Cga/a, bhCG, Ifngr1/tINF, Zfp42/Rex1, Otx2, Lefty1, Upp1/Upp, Dppa5/Esg1, and Nanog. 15 These findings suggest that Oct-3/4 functions as a master switch during differentiation by regulating the pluripotent fates of stem cells, thus playing a pivotal role in mammalian development. 16 Furthermore, Oct-3/4 has been found to possess oncogenic potential 17, 18 and anti-apoptosis effects. 19 It has also been found to play a role in the regulation of tumor progression. 20 Oct-3/4 is overexpressed in a variety of cancers, including retinoblastoma, 21 bladder cancer, 17.22 and non-small cell lung cancer. 23 As mentioned previously, pre-existing CSC markers, such as the CD series, appear to be lineage-restricted markers, most likely regulated by genes functioning downstream of the Oct-3/4 gene. Thus, the Oct-3/4 gene likely sits at the top of a gene-cascade hierarchy. 24 Given this background, we hypothesized that Oct-3/4 could serve as a CSC marker, if tumor cells express it.
Alkaline phosphatase (ALP) is an enzyme that hydrolyzes a broad range of monophosphate esters at alkaline pH optima. In humans, there are at least 4 distinct forms of APL: placental, intestinal, germ cell, and liver/bone/kidney (L/B/K) ALP. 25 The latter, L/B/K ALP, is expressed in numerous adult tissues, and therefore, is also called tissue non-specific ALP (TNAP). Aside from its expression in adult tissues, ALP is abundantly expressed in undifferentiated cells, such as ES cells, preimplantation embryos [2-cell embryos to blastocysts (ICM)] and embryonic ectoderm at the egg-cylinder stage, PGCs, and immature spermatogenic cells. [26] [27] [28] It is also a marker of neuronal progenitor cells 29 and of mesenchymal stem cells (MSCs) in bone marrow. 30 Given that the cell/tissue localization pattern of ALP resembles that of Oct-3/4 and ALP is recognized as a marker for some progenitor cells, it is likely that ALP can serve as a CSC marker, if tumor cells express ALP.
To investigate the possibility that both Oct-3/4 and ALP could serve as CSC markers, we focused our study on proteins' expression in PANC-1 cells, one of the human pancreatic carcinoma cell lines, using immunocytochemical, cytochemical, and molecular biological approaches.
Materials and Methods

Cell lines and culture
Two mouse cell lines, including nullipotent embryonal carcinoma (EC) cell line F9 31 and fibroblastic cell line NIH3T3 (CRL-1658™; purchased from American Type Culture Collection (ATCC), Manassas, VA, USA), were used as controls. Normal human dermal fibroblast line HDFa (#106-05a) from Cell Applications, Inc. (San Diego, CA, USA) was also used as a control. Human pancreatic cell lines PANC-1 (CRL-1469™), MIA PaCa-2 (CRL-1420™), SW1990 (CRL-2172™), AsPC-1 (CRL-1682™), and Capan-1 (HTB-79™) were purchased from ATCC. PK-45H (RCB1973) was obtained from RIKEN BioResource Center Cell Bank (Tsukuba, Ibaraki, Japan). All these cells were grown in high glucose-DMEM (#11995; Invitrogen Co., Carlsbad, CA, USA) with 10% fetal bovine serum (FBS) and 100 U/mL penicillin/streptomycin at 37°C in an atmosphere of 5% CO 2 in air.
RT-PCR
Total RNA was isolated using ISOGEN (Wako Pure Chemicals Inc., Tokyo, Japan). Four micrograms of total RNA from the cell lines was reverse transcribed into cDNA using SuperScript® II Reverse Transcriptase (Invitrogen Co.) and Oligo(dT) 20 primer (#FSK-201; Toyobo Co. Ltd., Osaka, Japan) in a total of volume of 20 μL. The cDNAs were amplified from undiluted cDNA samples (1 μL) by 32 cycles of 45 s denaturation at 94°C, 45 s annealing at 58°C, and 60 s extension at 72°C, in a PC708 thermal cycler (Astec, Fukuoka, Japan). A negative, no-template control (designated as -RT) was included for each reaction. Information concerning the PCR primers used is listed in Table 1 . The resulting RT-PCR products were subjected to electrophoresis in 2% agarose gels and visualized after staining with ethidium bromide.
Cytochemistry
The ALP assay was performed using the Leukocyte Alkaline Phosphatase kit (#85L3R; Sigma-Aldrich Co., St. Louis, MO) following the manufacturers' instructions.
Immunocytochemistry
Cells (2 × 10 5 ) were seeded onto a well of the Lab-Tek® Chamber Slide™ System (#177399; Nalge Nunc International, Naperville, IL, USA) with 300 µL of medium 1 day before immunocytochemical staining. After fixation with 4% paraformaldehyde (PFA) in phosphate-buffered saline without Ca 2+ or Mg 2+ at pH 7.4 [PBS(-)] at room temperature for 5 min, cells were permeabilized with permeabilization buffer [PBS(-) containing 10% normal goat serum (NGS) and 0.1% Triton X-100] for 15 min at room temperature. After rinsing with 2% NGS in PBS(-) (hereafter referred to as NGS-PBS), the cells were incubated with anti-Oct-3/4, monoclonal antibody (clone 10H11.2; #MAB4401, Millipore-Chemicon Co., Temecula, CA, USA) and diluted to 5 μg/mL for overnight treatment at 4°C. After rinsing 3 times with NGS-PBS, the cells were incubated with 1 μg/mL of biotynylated goat anti-mouse IgG (Zymed/Invitrogen Co.) for 1 h using a biotin-avidin immunostaining kit (Elite kit; Vector Laboratories, Burlingame, CA, USA). Cells were then incubated for 20 min with horseradish peroxidase-conjugated avidin. The cells were rinsed in 0.05 M Tris (pH 7.4), and the final immunoreaction proceeded with diaminobenzidine (Vector Laboratories). The sections were next counter-stained with hematoxylin. The dark-brown reaction product was viewed using light microscopy.
Hoechst dye-exclusion assay
Cell suspension was examined for localization of Oct-3/4, as well as Hoechst dye exclusion. Live cells (10 5 ) were incubated with 5 μg/ml Hoechst 33342 dye (Calbiochem Inc., San Diego, CA, USA) for 15 min at 37°C, rinsed in PBS(-), and then fixed with 4% PFA for 5 min at room temperature. Cells were pelleted at low speed, rinsed in PBS(-), and incubated with permeabilization buffer for 15 min at room temperature. After rinsing twice with NGS-PBS, the cells were re-suspended and then incubated with 5 μg/ml of anti-Oct-3/4 antibody (#MAB4401; Millipore-Chemicon Co.) in NGS-PBS for 2 h at 4°C. Cells were then washed and incubated in fluorescein isothiocyanate (FITC)-conjugated, anti-mouse IgG antibodies (1 μg/ml; #AP503F, Millipore-Chemicon Co.) for 1 h at 37°C. Next, the cells were pipetted onto a slide and cover-slipped for microscopic viewing. Fluorescent cells were visualized using an Olympus BX10 microscope with epifluorescent filters for Hoechst and FITC. Microphotographs were obtained using a digital camera (FUJIX HC-300/OL; Fuji Film, Tokyo, Japan) and were printed using a digital color printer (CP700DSA; Mitsubishi, Tokyo, Japan).
Transfection with Oct-3/4 promoter-directed EGFP construct
The reporter plasmid pOEIN used consists of 5.4-kb mouse Oct-3/4 promoter, EGFP cDNA, poly(A) sites, rabbit β-globin gene-derived HS4 insulator, and neo (neomycin resistance gene) expression unit. 32 For transient transfection, pOEIN DNA (circular form; 2 μg) was mixed with 10 μL of FuGENE HD transfection reagent (Roche Applied Science, Indianapolis, IN, USA) in 90 μL of Opti-MEM (Invitrogen Co.); the resultant mixture was added onto the cells (8 × 10 4 cells) in a 24-well plate (Iwaki Co. Ltd., Tokyo, Japan). The plasmid pmaxGFP (Lonza GmbH, Cologne, Germany) was also used as a positive control. At 3 h after incubation at 37°C, the medium was removed and replaced by fresh medium. One day after transfection, the cells were inspected for the presence of EGFP-derived fluorescence under an Olympus BX10 fluorescence microscope.
Results
Expression of mRNA for pluripotency-related marker genes
RT-PCR was first performed in 6 human pancreatic carcinoma cell lines to examine the mRNA expression of Oct-3/4, ALP, and other pluripotency-related genes-including Sox2, growth differentiation factor-3 (GDF3), Rex-1 (Zfp-42), ERas, and Stellar [also known as developmental pluripotency associated-3 (DPPA3)]. Both Oct-3/4 and ALP mRNAs were detected in all or most of the cell lines tested, with each expected band size (Fig. 1) . The other pluripotency-related genes, such as Rex-1, were also expressed in several lines (indicated by arrows). Notably, Sox2 and Stellar mRNA were present throughout all lines, including human fibroblastic cells (HDFa). The transcripts for ATP-binding cassette transporter G2 (ABCG2), one of the P-glycoproteins functioning as a transporter that involves exclusion of exogenous drugs, were detectable in PANC-1, SW1990, and PK-45H lines (indicated by arrows), although the levels were very low. There were no detectable transcripts for ERas or GDF3 in any lines (data not shown). The presence of pluripotency-related proteins in human pancreatic carcinoma cell lines suggests the possibility that cells with stem-cell properties may be present among those populations.
Mosaic expression of Oct-3/4 and ALP proteins in PANC-1 pancreatic carcinoma cell line
To investigate further evidence for gene expression at the protein level, PANC-1 was examined for expression of Oct-3/4 and ALP proteins. Immunostaining using anti-Oct-3/4 monoclonal antibody revealed that a small population of these two cell lines was immunoreactive to this antibody: 23% (13/57 cells examined) of cells was positive for Oct-3/4 expression in PANC-1 (indicated by arrows in Fig. 2A-c) . Murine EC cell line F9 cells (positive control) were positively stained with the antibody ( Fig. 2A-a) , while mouse fibroblastic cell line NIH3T3 (negative control) was negative for Oct-3/4 expression ( Fig.  2A-b) . Cytochemical staining for ALP activity revealed that 19% (12/64 cells examined) of cells was positive for ALP expression in PANC-1 (indicated by arrows in Fig. 2A-f ). As expected, F9 cells (but not NIH3T3 cells) exhibited distinct ALP activity ( Fig. 2A-d vs. -e).
Oct-3/4-positive PANC-1 cells failed to exclude Hoechst 33342
Some CSCs have been shown to exhibit reduced staining with Hoechst 33342 as a stem cell characteristic for side population. 33 This is because Hoechst 33342 dye could be excluded based on expression of the drug transporter/stem cell marker ABCG2. To test whether Oct-3/4-positive pancreatic tumor cell lines possess such a property, we incubated live PANC-1 cells with Hoechst 33342 and then fixed them for immunostaining with anti-Oct-3/4 antibody. As expected, some cells reacted with the antibody (arrowheads in Fig. 2B-a,b) . However, these Oct-3/4-positive cells were distinctly stained with Hoechst 33342, a characteristic that was indistinguishable from the Oct-3/4-negative cells (arrows vs. arrowheads in Fig. 2B-a,b) . This finding suggests that Oct-3/4 expression does not correlate with the ability to exclude Hoechst 33342 dye in the PANC-1 cell line we tested.
Transfection with Oct-3/4 promoter-directed EGFP construct also demonstrates the presence of Oct-3/4-positive cells in PANC-1 pancreatic carcinoma cell line
The final goal of this study was to investigate if Oct-3/4 or ALP-positive pancreatic carcinoma cells exhibit CSC-specific properties (i.e., the ability to differentiate into other types of cell, resistance to anti-cancer drugs, and a high degree of proliferative activity). This investigation required the enrichment Oct-3/4-or ALP-positive pancreatic carcinoma cells, which can be done using at least 2 different approaches: a fluorescence activated cell sorting (FACS)-based approach or a gene engineering-based approach. The former method requires appropriate cell-surface markers or an Oct-3/4-or ALP-specific fluorescent substance, but those are presently unavailable. Therefore, we employed the latter approach, which depends upon transfection of a plasmid harboring a marker gene (i.e., EGFP or a drug-resistance gene), whose expression is controlled by Oct-3/4 or ALP promoter. To test the feasibility of the latter approach, PANC-1 cells were liposomally transfected with a pOEIN plasmid (Fig. 3A) harboring 5.4-kb mouse Oct-3/4 promoter, EGFP cDNA, poly(A) sites, HS4 insulator, and the neo expression unit. Upon inspection 1 day after transfection, a small number of cells (0.8%; 3/360 cells examined) were found to be fluorescent (arrow in Fig. 3B-b) . This was in contrast with transfection using pmaxGFP, which yielded 5% (25/472 cells examined) fluorescent cells ( Fig. 3B-d) . In the control groups, some F9 cells were fluorescent, as expected (arrows in Fig. 3B-f ), while no fluorescence was observed in NIH3T3 cells ( Figure 3B-j) , indicating the fidelity of the 5.4-kb mouse Oct-3/4 promoter used in this study. The presence of fluorescent PANC-1 cells following transfection with pOEIN suggests that Oct-3/4-positive cells exist among the PANC-1 cell population and that they can be enriched following cultivation in the presence of G418, a neomycin analog.
Discussion
In this study, we have shown that certain subpopulations of human pancreatic carcinoma cell line PANC-1 express pluripotency-related genes such as Oct-3/4 and ALP. However, the Oct-3/4-positive PANC-1 cells failed to exhibit a high degree of ABCG2 activity, as revealed by the Hoechst 33342-exclusion assay, although they did express ABCG2 mRNA very weakly. A preliminary transfection experiment using an Oct-3/4 promoter-directed EGFP construct confirmed the presence of Oct-3/4-positive cells among the PANC-1 cell population, suggesting the possible enrichment of Oct-3/4-positive cells using this construct.
Consistent with the present findings, expression of pluripotency-related genes such as Oct-3/4 and Nanog in human pancreatic carcinoma cell lines has been reported previously.
14 However, the subcellular localization of these proteins remains unknown. In this study, we demonstrate for the first time that cells expressing at least 2 proteins, Oct-3/4 and ALP, are present as subset populations of cells in the established cell line (Fig. 2) . Unfortunately, it remains unknown whether both proteins are co-expressed within a cell or not. Since these 2 proteins are abundantly expressed in undifferentiated cells such as ES cells and early embryos, and Oct-3/4 is known to play an important role in maintaining the undifferentiated state of a cell, cancer cells expressing those proteins may be progenitor cells with immature features. The characterization of Oct-3/4 as a marker for CSC was recently suggested by Sajithlal et al. 34 and Wang et al. 35 The former group demonstrated that the Oct-3/4-expressing human breast cancer cell line MCF7 possesses a high degree of proliferative activity following transplantation into immunocompromized mice, further exhibiting resistance against antitumor drugs, such as 5-fluorouracil and cis-platinum. These cells express ABCG2 mRNA strongly. The latter group used chemotherapeutic drugs to select drug-resistant hepatocellular carcinoma (HCC), which displayed CSC features, such as increased self-renewal ability, cell motility, and levels of Oct-3/4 mRNA. By contrast, the possibility that ALP may serve as a marker for CSC has not yet been confirmed. Considering the similarity between Oct-3/4 expression and ALP in view of their cell type-specificity, we consider that ALP-positive cancer cells may be CSCs.
As mentioned above, we showed in this study that subpopulations of pancreatic cancer cells expressed Oct-3/4 and ALP. It is important to determine whether these Oct-3/4-or ALP-positive cells are labile-in other words, if they can revert to Oct-3/4-or ALP-negative cells or continue to express Oct-3/4 or ALP. To address this point in more detail, Oct-3/4-or ALP-positive cells must be enriched from the heterogeneous populations of pancreatic carcinoma cell lines. In an attempt to enrich those cells, we introduced pOEIN plasmid [carrying EGFP cDNA (whose expression is controlled by Oct-3/4 promoter) and a neo expression unit] into PANC-1 cells, and found that a small number of cells were fluorescent (see arrow in Fig. 3B-b) . If these transfected cells survived after selection with G418, they would be used to test the potential of Oct-3/4-positive cells. Unfortunately, the present transfection efficiency in PANC-1 cells using FuGENE HD is very low (<1%). We are now attempting to transfect those cells using a more efficient gene transfer system (e.g., a nucleofection system provided by Lonza GmbH). As for obtaining ALP-positive cancer cells, we are constructing a reporter plasmid that harbors 1.2-kb human ALP promoter 36 linked to a red fluorescent protein cDNA and drug-resistance gene.
Notably, Chen et al. 37 previously isolated CD133-positive cells from clinical samples and lung cancer cell lines, finding that these cells exhibited strong proliferation and invasive capabilities both in vitro and in vivo. Interestingly, Oct-3/4 expression was upregulated in these cells. Furthermore, siRNA-mediated knock down of Oct-3/4 expression in these cells eliminated their proliferative activity. These findings indicate that Oct-3/4 plays a crucial role in maintaining self-renewal. More importantly, these data suggest a close relationship between Oct-3/4 and CD133 expression. In this context, it will be worthwhile to explore the possible linkage between Oct-3/4 or ALP and other known surface markers, such as CD133.
Some CSCs, such as melanoma CSCs, have been found to highly co-express CD133 and ABCG2 markers, possessing enhanced tumorigenic potential. 34 To correlate ABCG2 and Oct-3/4 expression in pancreatic tumor cells, we first examined expression of ABCG2 mRNA; we found trace amounts of this mRNA in some lines, including PANC-1 (see Fig. 1 ). However, direct assessment using the Hoechst 33342 dye-exclusion assay failed to reveal a link between Oct-3/4 expression and ABCG2 transporter activity (see Fig. 2 ). Interestingly, Wang et al. 35 have reported that Oct-3/4 overexpression induces the activation of ABCG2 in liver cancer cells. Corresponding with these results, forced Oct-3/4 overexpression in PANC-1 cells may induce elevated expression of ABCG2.
Conclusion
We demonstrated that the pluripotency-related proteins Oct-3/4 and ALP are expressed in human pancreatic carcinoma cell lines and that cells expressing Oct-3/4 or ALP exist as subpopulations in at least one line, namely, PANC-1. Enrichment of Oct-3/4-or ALP-positive cells will be helpful for the further characterization of these cells needed to define them as possible pancreatic CSCs.
